Visual attention research has revealed that attentional allocation can occur in space-and/or object-based coordinates. Using the direct and elegant design of R. Egly, J. Driver, and R. , the present experiments tested whether space-and object-based inhibition of return (IOR) emerge under similar time courses. The experiments were capable of isolating both space-and object-based effects induced by peripheral and back-to-center cues. The results generally support the contention that spatially nonpredictive cues are effective in producing space-based IOR at a variety of stimulus onset asynchronies (SOAs) and under a variety of stimulus conditions. Whether facilitatory or inhibitory in direction, the object-based effects occurred over a very different time course than did the space-based effects. Reliable object-based IOR was only found under limited conditions and was tied to the time since the most recent cue (peripheral or central). The finding that object-based effects are generally determined by SOA from the most recent cue may help to resolve discrepancies in the IOR literature. These findings also have implications for the search facilitator role that IOR is purported to play in the guidance of visual attention.
Considerable research has been dedicated to characterizing attentional allocation in visual displays. Among the many paradigms developed to investigate visual attention, the spatial cuing paradigm developed by Michael Posner (1980) has been instrumental in revealing many aspects of attentional allocation. In its most simple form, the cuing paradigm manipulates viewers' covert attention with a salient peripheral change (a cue) before they are asked to detect a target. By changing the spatial relationship between cue and target (i.e., whether they are spatially co-located or not), it is possible to measure attentional effects through costs and benefits in response time (RT). This simple yet elegant procedure has been used to reveal two features of visual attention that are the focus of the present research: inhibition of return (IOR) and object-based selection.
IOR is one of two major reflexive attentional processes thought to contribute to detection differences at cued versus neutral 1 or uncued locations (Klein, 2000; Posner & Cohen, 1984) . IOR is demonstrated by slowed RTs to cued target locations versus uncued target location RTs. In contrast, facilitation is revealed when detection at cued locations is speeded relative to uncued locations.
The emergence of one effect or the other is typically linked to stimulus onset asynchrony (SOA) and/or the predictive value of the cue.
Some investigators have argued that facilitation and inhibition reflect different attentional mechanisms rather than two phases of one attentional system (e.g., Bao & Pöppel, 2006; Berger & Henik, 2000; Rafal & Henik, 1994; Tassinari, Aglioti, Chelazzi, Peru, & Berlucchi, 1994; Tipper et al., 1997 ; or see Rafal & Robertson, 1996 , for a discussion). Presumably, both facilitatory and inhibitory mechanisms function simultaneously, and any detected effect is the result of one of the mechanisms overcoming the other. Facilitation of target detection tends to occur when SOA (time from cue onset to target onset) is shorter than 200 -300 ms (Klein, 2000; Posner & Cohen, 1984) or when the cue predicts an upcoming target location, even at longer SOAs (e.g., Danckert, Maruff, Crowe & Currie, 1998; Egly, Driver, & Rafal, 1994; Posner, 1980) . Although debate continues concerning the necessary and sufficient conditions under which inhibition occurs, certain general parameters have been found to more consistently elicit IOR. When SOA is prolonged to longer than 200 -300 ms and cues carry no predictive information about upcoming target locations, RTs to cued target locations are typically slowed (Klein, 2000; Posner & Cohen, 1984) . Experiments revealing IOR often include a second cue at the central fixation location (i.e., a back-to-center cue) before target onset (e.g., Jordan & Tipper, 1998 Posner & Cohen, 1984) , although space-based IOR has been demonstrated without the use of these central cues (e.g., Pratt & Fischer, 2002; Pratt & McAuliffe, 1999; Sapir, Soroker, Berger, & Henik, 1999) . Inhibition has been theoretically explained as an efficient mechanism to facilitate visual search: Once a location or object has been searched, attention is directed elsewhere to a new location or object (e.g., Danziger, Kingstone, & Snyder, 1998; Klein, 1988; Posner & Cohen, 1984; Tipper, Driver, & Weaver, 1991) .
In addition to revealing a biphasic pattern of RTs (facilitation preceding inhibition when plotted against SOA), the Posner cuing paradigm has been used to show that attentional selection occurs not only for spatial locations but also for objects. Distinguishing attention to space and objects is a generally difficult problem given that objects appear in and occupy spatial locations. When a spatial location is cued, the object inhabiting that location may also be cued, making determination of when attentional allocation is directed to objects and/or to spatial locations problematic.
A study by Egly et al. (1994) was decisive in establishing the fact that facilitation could appear not only at a cued location (a space-based effect) but also within cued objects at uncued locations (an object-based effect). Egly et al. presented a display with two objects (rectangles), one of which was cued at one end or another, and targets followed in one of three critical conditions: at the cued location, at an uncued location in the cued object (withinobject), or at an uncued location in the uncued object (betweenobject) . With the objects placed as far apart as they were long, the spatial distances between the cued location and both uncued locations were held objectively equal (see Figure 1) . By comparing RTs to targets appearing in the two uncued locations, Egly and colleagues argued that attentional shifts within objects were consistently faster than equivalent shifts between objects. An RT difference to detect targets appearing in within-object versus between-object conditions is henceforth termed an object-based effect. Originally, a facilitatory object-based effect was reported by Egly and colleagues, who used a predictive cue and a 300-ms SOA. Facilitatory object-based effects have been replicated in a variety of displays and under various conditions (e.g., Abrams & Law, 2000; Macquistan, 1997; Moore & Fulton, 2005; Moore, Yantis, & Vaughan, 1998; Pratt & Sekuler, 2001; Robertson & Kim, 1999; Vecera, 1994) .
Both space-and object-based IOR have been reported in the literature as well (e.g., Tipper, Jordan, & Weaver, 1999) . As previously mentioned, a common hypothesis concerning the function of IOR is that it acts as a biasing mechanism away from previously examined locations, thus facilitating search. However, in a search situation, it is often an object that is sought, not a location (as argued by others, e.g., Tipper et al., 1991) . Returning attention to an object that has already been rejected as a nontarget would decrease search efficiency. It would then seem that objectbased IOR should be at least as strong and as prevalent as spacebased IOR. Findings of object-based IOR are therefore vital to theories claiming that IOR functions to improve the allocation of visual attention.
In an experiment inspired by the findings of Egly et al. (1994) , Jordan and Tipper (1999) reported the existence of object-based IOR using a similar rectangle display and cuing procedure. In their experiment, they extended the SOA to 1,166 ms and removed the predictability of the cue (i.e., they used a purely exogenous cue) to more effectively elicit IOR. Jordan and Tipper's (1999) results demonstrated slowed RTs to cued locations relative to both uncued locations (i.e., space-based IOR). Object-based IOR also appeared when uncued conditions were compared: Within RTs were slowed relative to between RTs (i.e., the mirror image of the facilitation reported by Egly et al., 1994) . These results were taken to indicate that IOR, like facilitation, occurred in both space-and object-based coordinates.
Various studies have shown that visual attention is sensitive to space, objects, or a combination of the two (e.g., Behrmann & Tipper, 1999; Duncan, 1984; Egly et al., 1994; Gibson & Egeth, 1994; Jordan & Tipper, 1998; Schendel, Robertson, & Treisman, 2001; Tipper et al., 1999) . However, not all studies, especially those with more complex displays, have supported the findings of object-based IOR (Schendel & Robertson, 2000 , 2007 Schendel et al., 2001) . In these other studies, the observed IOR was limited to space: It seemed to be insensitive to both object shape and 3-D cues in complex displays. Facilitation, however, was found and did extend to objects. In the current series of experiments, we sought to understand the conflicting object-based findings more thoroughly. Namely, we chose to explore whether space-and objectbased effects coexist with simple stimuli (a two-rectangle display) and whether these effects emerge simultaneously. The present results support the conclusion that object-based IOR is susceptible to minor design manipulations, whereas space-based IOR is consistently found. We also found that if object-based IOR emerges, it does so only transiently.
Experiment 1
The first experiment was a direct replication of that run by Jordan and Tipper (1999) , performed to verify that the inhibitory component of visual attention is modulated by both space and object configuration. As mentioned above, although this issue has been addressed before, with the conclusion that IOR is susceptible to both space and object configurations (Jordan & Tipper, 1998 Tipper et al., 1999) , the literature is not in complete agreement on this point. Many differences exist in the designs of studies. Some differences are subtle, such as differences in contrast polarity between objects and background, whereas others are more pronounced, such as the use of simple two-item stimulus displays versus more complex displays. Therefore, we began with a replication of Jordan and Tipper's (1999) positive findings of concurrent space-and object-based IOR.
2
We expected to find IOR at the cued location (i.e., an inhibitory space-based effect) by using a nonpredictive cuing procedure and a long (1,176-ms) SOA (consistent with the literature). Our prediction regarding the object-based effect (differences between within and between conditions) was motivated by the search facilitation hypothesis discussed above. If IOR facilitates visual search for objects in the environment, then we should find objectbased inhibition, as did Jordan and Tipper (1999) . Specifically, targets appearing in the within conditions should be detected more slowly than those appearing in the between conditions. In contrast, if IOR operates only in space-based coordinates, whereas facilitation extends to objects (as suggested by other findings; e.g., Schendel & Robertson, 2000 , 2007 , a cue may simultaneously produce spaced-based IOR and object-based facilitation (slower cued than uncued RTs and faster within than between RTs).
Method
Apparatus. Testing was conducted on a desktop PC running Presentation software to display stimuli and record RTs and errors (http://www.neurobs.com/). Participants responded by pressing the keyboard space bar with their left index finger and with a left mouse buttonpress using their right index finger. We used a CCD camera (Watec WAT-502A model with a 16-mm lens; Orangeburg, NY) connected to a monitor out of participants' sight for the purpose of monitoring eye movements. Prior to the experiment, the experimenter adjusted the focus and depth of field such that participants' eyes were clearly visible on the monitor.
Participants. Seventeen University of California, Berkeley, undergraduate summer school students participated in Experiment 1 for course credit. All reported normal or corrected-to-normal vision and right-handedness and provided informed consent prior to participation. Two participants were replaced: 1 for an inability to maintain visual fixation and the other for making 15% false alarms on catch trials.
Stimuli. Black rectangles and the central fixation crosshair were presented on a white background.
3 Targets and cues were gray. The display spanned 7.8°of visual angle. However, because the rectangles were rotated either ϩ45°or Ϫ45°from upright, the horizontal and vertical visual angle spanned 10.9°. The display's fixation crosshair subtended 0.4°, and the two flanking vertical rectangles each subtended 1.9°ϫ 7.8°. The outside edges of the rectangles were 7.8°from each other. The central cue was simply a change in the fixation color from black to gray. The peripheral cues 4 were 3-pixel-wide square outlines (subtending 2.3°ϫ 2.3°), flanking and centered at the end of the rectangle. Targets were solid gray squares, subtending 1.4°. They appeared at the end of each rectangle such that their center corresponded to the peripheral cue's center (see Figure 1) . Participants sat at a distance of 40 cm from the screen.
Design. All participants were exposed to five trial types (cued, within, between, opposite, and catch) in both ϩ45°and Ϫ45°o rientations. Cues and targets appeared equiprobably in all four locations. All trial types and orientations were randomly intermixed. To measure space-based effects, we compared cued RTs with uncued RTs (the mean of the two equidistant uncued RTsi.e., within and between), although all three comparisons with uncued conditions are presented. This approach was used because it is unclear which uncued condition represents a "pure" shift of spatial attention. It may be that RT differences reflect performance benefits to orient within an object or a cost to orient between objects; the mean of the equidistant uncued RTs is an agnostic compromise. Object-based effects were revealed by comparing within and between RTs.
Procedure. All procedures were adopted to approximate those used by Jordan and Tipper (1999) . Participants completed 40 practice trials to familiarize themselves with the task while being monitored by the experimenter for task compliance. Participants then completed five blocks of 40 trials, totaling 200 experimental trials. Catch trials were presented randomly on 20% of the total trials. Participants began each trial by pressing a space bar in response to a screen reading as follows: Please press the space bar to start trial. A blank white screen was presented for 1,000 ms as the intertrial interval (ITI).
All trials had the following timing parameters: After beginning the trial with a space bar press, participants saw the fixation and oblique rectangles displayed for 1,000 ms; a peripheral cue appeared for 82 ms; after a 506-ms delay, the central cue appeared for 82 ms; and after another 506-ms delay, a target appeared (except during catch trials) for 82 ms. Participants responded to targets with a mouse press, or the trial ended after a 1,000-ms delay. The 1,176-ms SOA approximated that of Jordan and Tipper (1999) and was the closest our experimental setup could come to approximating their 1,166-ms SOA because of the limitations of how our software interacted with the monitor refresh rate.
Participants were encouraged to respond as quickly as possible regardless of where the target appeared and to withhold response if no target appeared. They were informed that the cue was not predictve of subsequent target location. They were also instructed to maintain central fixation whenever stimuli were present. Throughout practice and the experimental trials, the experimenter monitored central eye fixation. During practice, participants were given verbal feedback when fixation was not maintained. During the experiment, the experimenter marked trials with eye movements for exclusion , only monitored during practice).
Results
Orientation (Ϯ45°) and Cuing (cued, within, between, opposite) were entered as within-subject factors into an analysis of variance (ANOVA) on median RTs for correct responses (see Figure 2) . Excluded from the analyses were data from trials in which RTs were faster than 100 ms (M ϭ 3.2%) and slower than 1,000 ms (M ϭ 0.0%). False alarms (M ϭ 1.3%), misses (M ϭ 0.3%), and trials accompanied by eye movements (M ϭ 1.6%) were also omitted.
Orientation. There was neither a main effect of Orientation nor an Orientation ϫ Cuing interaction (Fs Ͻ 1).
Cuing. A main effect of Cuing was found, F(3, 48) ϭ 20.7, MSE ϭ 807, p Ͻ .001. Space-based IOR was revealed: Cued RTs were 28 ms slower than uncued RTs, t (16) 
Discussion
The current experiment replicated the findings of Jordan and Tipper (1999) . We found concurrent space-and object-based inhibition with an SOA of 1,176 ms. Notably, minor differences in experiments (e.g., the stimulus polarity, the 10-ms difference in SOA between ours and Jordan and Tipper's [1999] experiment) were of no consequence to replicating their object-based results (cf. our 15-ms object-based inhibitory effect with their 12-ms effect).
Experiment 2
Returning to our original question-whether space-and objectbased cuing effects emerge differently across time-we carried out a second experiment. In this experiment, we used a two-SOA design. We retained a long SOA (1,220 ms), with which we expected to replicate the space-and object-based inhibition of Experiment 1. We also included a short SOA (340 ms) to test whether space-and object-based inhibition emerge simultaneously. We used an SOA that was the shortest that was likely to produce space-based IOR (as discussed above, inhibition is usually found with SOAs longer than 200 -300 ms). The question addressed was whether space-based IOR would be accompanied by object-based IOR at such a short delay.
Method
The method was identical to that in Experiment 1 unless otherwise indicated.
Participants. Course credit was awarded to 17 University of California, Berkeley, undergraduate students after they provided informed consent. All reported normal or corrected-to-normal vision and right-handedness. Two participants were again replaced: 1 for an inability to maintain visual fixation and the other for excessive false alarms on catch trials (Ͼ13%).
Stimuli. Stimuli were identical to those used in Experiment 1.
Design. All participants were exposed to five trial types (cued, within, between, opposite, and catch) in both ϩ45°and Ϫ45°o rientations at either the 340-ms or the 1,220-ms SOA. All trial types, SOAs, and orientations were randomly intermixed.
Procedure. Participants completed 80 practice trials to familiarize themselves with the task while being monitored by the experimenter. Four hundred trials followed in five blocks of 80 experimental trials. Catch trials were presented on 20% of the total trials. Total trial number was doubled because of the additional SOA. Again, the experimenter monitored the participants' eyes throughout testing for central fixation.
The participants were randomly presented with either of two SOAs in a trial. Once they initiated the trial by pressing the space bar, the trials proceeded as follows. A display with the rectangle stimuli and fixation crosshair was presented for 1,000 ms, followed by a 100-ms peripheral cue. A delay of 240 ms followed before targets were presented for 100 ms in trials with the short SOA. For long-SOA trials, the 100-ms peripheral cue was followed by a 510-ms delay, a 100-ms central cue, and a second 510-ms delay before targets were presented for 100 ms. The long SOA was selected to be near that of Experiment 1, which produced both space-and object-based inhibition. 
Results
Orientation (Ϯ45°), SOA (340 ms, 1,220 ms) and Cuing (cued, within, between, opposite) were entered as within-subject factors to an ANOVA of median RTs for correct trials (see Figure 3 ). RTs that were shorter than 100 ms (M ϭ 0.7%) and longer than 1,000 ms (M ϭ 0.2%) were excluded. False alarms (M ϭ 1.7%), misses (M ϭ 0.2%), or trials in which eye movements were made (M ϭ 0.3%) were also removed.
Orientation. There was neither a main effect of Orientation, nor did it interact with Cuing or SOA (Fs Ͻ 1). The Orientation ϫ SOA ϫ Cuing interaction was absent (F Ͻ 1).
SOA. SOA produced a strong effect: Participants responded 69 ms faster overall at the 1,220-ms SOA than at the 340-ms SOA, Collapsing over SOA revealed no evidence for object-based IOR (3 ms; Ϫ1.0 Ͻ t Ͻ 1.0). However, on the basis of the Cuing ϫ SOA interaction, we examined the effects separately for both SOAs. At the long SOA, within RTs were slower than between RTs by 14 ms, t(16) ϭ Ϫ3.38, p Ͻ .01. This object-based IOR was consistent with that found in Experiment 1. Interestingly, at the short SOA, we found a trend for object-based facilitation: Within RTs were faster than between RTs by 8 ms, t(16) ϭ 1.88, p Ͻ .10. Jordan and Tipper (1999) reported that object-based IOR diminished over the course of their experiment (18 ms to 8 ms in the first and second halves, respectively; but see Pratt & McAuliffe, 1999 , for contrary findings). Our use of two SOAs increased the number of trials that each participant experienced, which in turn may have affected the object-based effects we found. We therefore divided our data into first and second halves and entered session half as another two-level factor in ANOVAs for space-and object-based effects separately.
Space-based inhibition did not reliably vary with experience (for interactions between SOA, Cuing [cued and uncued], and Session half, all Fs Յ 0.03, with the exception of a trend for an SOA ϫ Session Half interaction, F[1, 16] ϭ 3.17, MSE ϭ 408, p ϭ .09). However, object-based effects did vary with experience, but only at the short SOA, as reflected by an SOA ϫ Cuing (within and between) ϫ Session Half interaction, F(1, 16) ϭ 4.78, MSE ϭ 139, p Ͻ .05. At the long SOA, object-based IOR was present in both the first (Ϫ13 ms), t(16) ϭ Ϫ2.74, p Ͻ .05, and second (Ϫ10 ms), t(16) ϭ Ϫ2.56, p Ͻ .05, session halves. At the short SOA, object-based facilitation was present in the first half (13 ms), t(16) ϭ 2.34, p Ͻ .05, but was absent in the second half (Ϫ2 ms; Ϫ1.0 Ͻ t Ͻ 1.0). If anything, the increase in trial number decreased object-based facilitation at the short SOA.
Discussion
The current experiment revealed a very interesting profile of the time course of exogenous attention. Space-based IOR was found uniformly, regardless of SOA (32 ms at each SOA). However, object-based effects did change over time. The 8-ms trend was facilitatory at the 340-ms SOA, whereas at the 1,220-ms SOA, the reliable 14-ms effect was inhibitory. At the short SOA, the results were consistent with those of Robertson (2000, 2007) and Schendel et al. (2001) , who found simultaneous objectbased facilitation and space-based inhibition. The present results demonstrate that these previous findings were not necessarily attributable to the complexity of the displays used but can generalize to simpler stimuli. At the long SOA, however, the results were consistent with those of Jordan and Tipper (1999) , who found inhibition for both space and objects. Importantly, the present data demonstrate that space-and object-based IOR do not evolve over the same time course, at least for the simple stimuli used in many studies of object-based effects.
Experiment 3
The following three experiments were run to address a confound in the design of Experiment 2. In Experiment 2, we used two SOAs and found differences between object-based effects at the short and long SOAs. However, SOA was not the only difference between the two conditions; at the long SOA, participants were presented with a central cue, whereas at the short SOA, they were not. Although space-based inhibition was present at both SOAs in Experiments 3-5, object-based effects became elusive, even at the long SOA. In Experiment 3, a back-to-center cue was omitted from both SOAs.
Method
The method was identical to that of Experiment 2, unless otherwise indicated.
Participants. Another 17 University of California, Berkeley, students participated for course credit. All reported normal or corrected-to-normal vision, reported right-handedness, and gave informed consent.
Design. Participants were exposed to five trial types: cued, within, between, opposite, and catch (when no target appeared). Each occurred with one of two SOAs: 340 or 1,220 ms at one of two orientations (Ϯ45°). All conditions were randomly intermixed.
Stimuli. Stimuli were identical to those used in the previous experiments, except for the central cue, which was not presented.
Procedure. Participants completed 80 practice trials followed by five experimental blocks of 80 trials each and were allowed brief breaks between blocks. The experimenter monitored the participants' central eye fixation through a camera and monitor, marking trials in which participants failed to maintain central fixation.
For each SOA, timing parameters were held constant for all trial types. Regardless of SOA, participants initiated a trial by pressing the space bar. The fixation and rectangles display appeared and remained alone on the screen for 1,000 ms before a peripheral cue appeared for 100 ms. Timing parameters then differed depending on SOA. For the short SOA, after a 240-ms delay, a target appeared for 100 ms. Trials with a 1,220-ms SOA continued after the peripheral cue as follows: A delay of 1,120 ms elapsed before the target appeared for 100 ms. No target appeared on catch trials. Participants had 1,000 ms to respond before the trial ended.
Results
In a within-subject ANOVA, the factors of orientation (Ϯ45°), SOA (340 ms, 1,220 ms), and cuing (cued, within, between, opposite) were entered (see Figure 4) . Median correct response RTs were entered for each condition for each participant. Outliers below 100 ms (M ϭ 1.1%) and above 1,000 ms were excluded (M ϭ 0.1%), as were false alarms (M ϭ 0.9%), misses (M ϭ 0.0%), and trials in which participants failed to maintain central eye fixation (M ϭ 0.6%).
Orientation. No main effect of Orientation was found (F Ͻ 1). A trend for an Orientation ϫ SOA interaction was present, F(1, 16) ϭ 3.92, MSE ϭ 165, p Ͻ .10 (described below). Orientation did not interact with Cuing (F Ͻ 1). The Orientation ϫ SOA ϫ Cuing interaction did not reach significance (F ϭ 1.3) .
SOA. There was a main effect of SOA: RTs were 26 ms faster at the short compared with the long SOA, F(1, 16) ϭ 16.0, MSE ϭ 2,836, p ϭ .001. This is opposite what was found in Experiment 2. An extensive literature exists on foreperiod effects showing that, most frequently, longer SOAs result in decreased RTs (as in Experiment 2). However, when subjective expectancy of the target is varied, RT patterns can change (e.g., Drazin, 1961 ; for a review on foreperiod variables affecting simple RT, see Niemi & Nää-tanen, 1981) . Comparing this with the last experiment, the lack of a central cue at the long SOA likely altered the expectations of the participants, thus resulting in relatively faster RTs at the short SOA and relatively slower RTs at the long SOA.
SOA did not interact with Cuing, also unlike Experiment 2. However, there was an SOA ϫ Orientation interaction: For stimuli oriented Ϫ45°, RTs were 31 ms slower at the long compared with the short SOA, t(16) ϭ Ϫ4.59, p Ͻ .001, whereas RTs for stimuli oriented ϩ45°were only 24 ms slower at the long compared with the short SOA, t (16) 
Discussion
In the current experiment, removal of the central cue affected the pattern of results in two important ways. First, the RT advantage for long-SOA trials was reversed into an RT advantage for short-SOA trials. Without a central cue at the long SOA and/or a differentiation of the short and long SOAs, participants were unable to use the time beneficially for response preparation. Second, object-based effects were eliminated: At neither the short nor the long SOA were object-based effects detected. Importantly, however, space-based effects were unaffected by the removal of the central cue. Experiment 3 demonstrated a reliance of objectbased effects on the presence of a central cue. Whether the central cue is critical to disambiguate short from long SOAs and/or necessary to reorient attention remains unclear, however.
Experiment 4
Because the central cue seemed essential in revealing objectbased effects, in Experiment 4, we introduced a central cue for both the short (340 ms) and long (1,253 ms) SOAs. In Experiment 4, the time between the peripheral and central cues was held constant (63 ms), with delays varying after the central cue across SOA (63 ms and 976 ms)-that is, the time to reorient was varied. In this experiment, we expected to find both space-and objectbased effects, without conflating central cuing and SOA duration (as in Experiment 2).
Method
The method was identical to that of Experiment 3, unless otherwise indicated.
Participants. Another 17 University of California, Berkeley, students volunteered or participated for course credit during summer sessions. All reported normal or corrected-to-normal vision, reported right-handedness, and gave informed consent.
Design. Participants were again exposed to five trial types: cued, within, between, opposite, and catch (when no target appeared). Each occurred with one of two SOAs: 340 or 1,253 ms at one of two Orientations (Ϯ45°). All conditions were randomly intermixed.
Stimuli. The stimuli were identical to those used in Experiments 1 and 2.
Procedure. As before, participants completed 80 practice trials before completing five blocks of 80 trials, separated by brief breaks. Eye fixation was monitored by the experimenter throughout testing.
Participants initiated a trial by pressing the space bar. The fixation crosshair and rectangles appeared and remained alone on the screen for 1,000 ms before a peripheral cue appeared (for 112 ms). After a 63-ms delay, the central cue appeared for 102 ms. Timing parameters then differed depending on SOA. Trials with a 340-ms SOA continued as follows: 63 ms after central cue offset, a target appeared for 102 ms in one of four locations or not at all (catch). Trials with a 1,253-ms SOA proceeded as follows after the central cue: A 976-ms delay elapsed before targets appeared for 102 ms in one of four locations or not at all (as above). Participants had 1,000 ms to respond before the trial ended.
Results
Orientation (Ϯ45°), SOA (340 ms, 1,253 ms) and Cuing (cued, within, between, opposite) were entered as factors in a withinsubject ANOVA (see Figure 5 ). Correct median RTs were entered for each condition for each participant. Data from trials in which participants responded too early (Ͻ100 ms; M ϭ 1.0%), responded too late (Ͼ1,000 ms; M ϭ 0.0%), made eye movements (M ϭ 2.1%), missed the target (M ϭ 1.6%), or made false alarms (M ϭ 2.7%) were excluded from analyses.
Orientation. Neither a main effect of Orientation nor any two-way interactions with Orientation reached significance (all Fs Ͻ 1). The Orientation ϫ SOA ϫ Cuing interaction was nonsignificant, F(3, 48) ϭ 1.86.
SOA. There was no main effect of SOA (F Ͻ 1). However, SOA did interact with Cuing (discussed below). Object-based effects varied across SOA and were in the facilitatory direction at the short SOA (3 ms; t ϭ 1.04) but in the inhibitory direction at the long SOA (Ϫ4 ms; t ϭ Ϫ1.08). Objectbased effects were not reliable at either SOA or collapsed over SOA (1 ms; Ϫ1.0 Ͻ t Ͻ 1.0).
Because the nature of the Cuing ϫ SOA interaction shown in Figure 5 was not completely explained by looking specifically at space-and object-based effects, it is possible that the cued condition primarily contributed to the interaction. To test this hypothesis, we performed an ANOVA in which the cued condition was removed. 6 The logic is that if the cued condition carries the Cuing ϫ SOA interaction, then the interaction should disappear when the condition is removed. The interaction did not reach significance under these conditions, F(2, 32) ϭ 1.12, MSE ϭ 234, p ϭ .34. When the within condition was removed, the interaction was reduced to a nonsignificant trend, F(2, 32) ϭ 2.89, MSE ϭ 236, p ϭ .07; but when either the between condition, F(2, 32) ϭ 5.33, MSE ϭ 252, p ϭ .01, or the opposite condition, F(2, 32) ϭ 7.02, MSE ϭ 184, p Ͻ .01, was removed, the interaction remained reliable. When both the cued and within conditions were removed, the interaction disappeared completely (F Ͻ 1). These additional analyses reveal that the changes between SOA and cuing occurred within the cued object-namely, in the cued and within conditions. 6 We thank an anonymous reviewer for this suggestion. 
Discussion
A central cue was presented at both the short and long SOAs in Experiment 4. The delay between peripheral and back-to-center cues was fixed at 63 ms. Under these conditions, space-based IOR was present at both short and long SOAs. Conversely, object-based effects were absent at both SOAs. As in Experiment 2, although statistically unreliable in Experiment 4, object-based effects changed from facilitatory at short SOAs to inhibitory at long SOAs. Experiment 4 provided evidence that the absence of backto-center cuing in Experiment 3 was not the sole reason for the absence of object-based effects.
Experiment 5
An alternative and complementary approach, again using central cuing for both SOAs, was adopted in Experiment 5. Here, the delay between peripheral cue offset and central cue onset varied across SOA (63 ms and 976 ms), whereas the delay between central cuing offset and target onset was held constant (63 ms). Thus, at the long SOA, the central cue presumably reoriented attention more immediately before target onset than it did in Experiment 4.
Method
The method was identical to that of Experiment 4, unless otherwise indicated.
Participants. Twenty University of California, Berkeley, students participated for course credit. All reported normal or corrected-to-normal vision, reported right-handedness, and gave informed consent. Three participants were excluded: 1 for failing to use the appropriate response device and 2 for high false alarm rates on catch trials (11% and 20%, respectively).
Design. Cued, within, between, opposite, and catch (in which no target appeared) trial types were presented randomly with one of two SOAs: 340 ms or 1,253 ms at one of two Orientations (Ϯ45°).
Stimuli. Stimuli were identical to those used in previous experiments.
Procedure. As in the other two-SOA experiments, 80 trials of practice preceded five 80-trial experimental blocks. Breaks were allowed between blocks. Eye movements were monitored by the experimenter throughout testing.
As before, participants initiated the trial by pressing the space bar. The display and fixation appeared centered on the screen for 1,000 ms before a peripheral cue appeared (for 107 ms). Timing parameters then differed depending on SOA. For 340-ms SOA trials, a 63-ms delay elapsed after the peripheral cue, the central cue appeared for 107 ms, and after a second 63-ms delay a target appeared for 110 ms. For 1,253-ms SOA trials, a 976-ms delay elapsed before the central cue appeared for 107 ms. Sixty-three ms after the central cue offset, a target appeared for 110 ms. On 20% of trials, no target appeared. Participants had 1,000 ms to respond before the trial ended.
Results
Orientation (Ϯ45°), SOA (340 ms, 1,253 ms) and Cuing (cued, within, between, opposite) were entered into a 2 ϫ 2 ϫ 4 withinsubject ANOVA on correct median RTs (see Figure 6 ). Data from trials in which targets were missed (M ϭ 0.9%), eye movements (M ϭ 1.0%) or false alarms were made (M ϭ 3.5%), and targets were responded to anticipatorily (Ͻ100 ms; M ϭ 2.0%) or too slowly (Ͼ1,000 ms; M ϭ 0.0%) were excluded.
Orientation. Orientation did not produce a main effect, F(1, 16) ϭ 1.03, MSE ϭ 376, p Ͼ .10. Neither the Orientation ϫ SOA nor the Orientation ϫ Cuing interaction reached significance (both Fs Ͻ 1), nor did the Orientation ϫ SOA ϫ Cuing interaction, F(3, 48) ϭ 1.69, MSE ϭ 252, p Ͼ .10.
SOA. Means of median RTs were not reliably different at the two SOAs, F(1, 16) were not detected when RTs were collapsed over SOA (2 ms; Ϫ1.0 Ͻ t Ͻ 1.0) or were analyzed separately for the short SOA (2 ms; Ϫ1.0 Ͻ t Ͻ 1.0) and the long SOA (9 ms), t(16) ϭ 1.43, p Ͼ .10.
Again, as in Experiment 4, we conducted further analyses to explore the Cuing ϫ SOA interaction: We repeated the ANOVA and removed the cued, within, between, and opposite conditions individually. When the cued condition was removed, the interaction was nonsignificant, F(2, 32) ϭ 1.48, MSE ϭ 304, p Ͼ .20. When any of the other three cuing conditions were removed, the interaction was present: within removed, F(2, 32) ϭ 9.35, MSE ϭ 390, p ϭ .001; between removed, F(2, 32) ϭ 8.80, MSE ϭ 348, p ϭ .001; opposite removed, F(2, 32) ϭ 7.16, MSE ϭ 359, p Ͻ .01. In the case of the current experiment, the cued condition primarily carried the interaction. Because the cued condition is susceptible to both space-and object-based influences, the results are inconclusive as to which might be changing with SOA.
Discussion
In Experiment 5, as in Experiments 3 and 4, no object-based effects were found, whether at the short or the long SOA. However, space-based IOR remained present, regardless of SOA or which uncued condition was compared with the cued condition. Pratt and Fisher (2002) similarly manipulated the presence of a central cue and interstimulus interval between peripheral and central cues and the target to determine timing influences in the emergence of space-based IOR. They found that space-based IOR was present across a broad range of SOAs (although it was weaker at SOAs Յ 200 ms), with and without central cues. Their spacebased results are consistent with ours. We have additionally shown, however, that object-based IOR is sensitive to those timing manipulations.
Overall Results
Four mixed-factors ANOVAs were carried out. Separate analyses for space-and object-based effects at long and short SOAs (within-subject factors) with Experiment as the between-subjects factor. We examined the space-based effects (cued vs. uncued RTs) and the object-based effects (within vs. between RTs) across all five experiments for the long SOA but only for Experiments 2-5 for the short SOA (because only those latter experiments probed IOR at short SOAs).
Across all experiments, at the long SOA, an inhibitory 29-ms space-based effect was found, F(1, 80) ϭ 116.2, MSE ϭ 308, p Ͻ .001, that did not interact with experiment (F Ͻ 1), revealing its stability. There was also a main effect of experiment, F(4, 80) ϭ 2.65, MSE ϭ 7,380, p Ͻ .05, reflecting changes in global RTs across groups. At the long SOA, an effect of experiment was present. An inhibitory, 6-ms object-based effect emerged, F(1, 80) ϭ 6.18, MSE ϭ 221, p Ͻ .05, although it interacted with experiment. Here, the interaction reflects the instability of the object-based effects over the five experiments at the long SOA. An effect of Experiment was also present, F(4, 80) ϭ 2.87, MSE ϭ 6,752, p Ͻ .05.
Parallel analyses of short SOAs were performed. An overall 38-ms inhibitory space-based effect was found, F(1, 64) ϭ 179.24, MSE ϭ 269, p Ͻ .001, which did not interact with Experiment (F ϭ 1). Again, space-based IOR was stable. A main effect of Experiment was present, F(3, 64) ϭ 5.22, MSE ϭ 5,874, p Ͻ .01.
The analysis of short-SOA object-based effects revealed only a trend, F(1, 64) ϭ 2.71, MSE ϭ 132, p ϭ .11. Notably, however, this was a 3-ms facilitatory object-based effect. Experiment showed a main effect, F(3, 64) ϭ 6.27, MSE ϭ 5,711, p ϭ .001, but did not interact with the object-based effect (F Ͻ 1). Across experiments, at the short SOA, performance was consistent with simultaneous and opposite effects of space-and object-based attentional selection.
General Discussion

Space-Based IOR
In five experiments using spatially nonpredictive, peripheral, exogenous cues, space-based IOR was consistently demonstrated at cued locations. Space-based inhibition was found regardless of SOA. This was true whether the effects were plotted against peripheral-cue-to-target SOA or most-recent-cue-to-target SOA (whether it was a peripheral or central cue). Figure 7 illustrates these two forms of plotting the data. To some, it may seem surprising that space-based IOR was demonstrated at all at the shortest SOAs given the findings of Posner and Cohen (1984) and others (e.g., Berger, Dori, & Henik, 1999; Goldsmith & Yeari, 2003) , who found facilitation using nonpredictive exogenous cuing at short SOAs (Ͻ 200 ms). Other studies, however, have demonstrated IOR at even shorter SOAs (e.g., Tassinari et al., 1994, at 0-, 65-, and 130-ms SOAs;  but see the debate between Weaver, 1998, and Berlucchi, 1998 , regarding the findings with regard to the 0-ms SOA). Importantly, for our purposes, space-based IOR was reliably observed in all experiments, regardless of minor changes in procedure (e.g., trial timing, back-to-center cuing; see Figure 7 and Table 1 ).
However, as discussed in the introduction, our primary aim was to investigate whether (and under what conditions) the emergence of space-based IOR was accompanied by object-based IOR. A number of differences exist between studies in the literature that have reported conflicting effects of object-based IOR, and we set out to examine which of those differences affected the nature and time course of object-based effects.
Object-Based IOR
In Experiment 1, in which only a long SOA with central cuing was included, object-based IOR was observed, replicating Jordan and Tipper's (1999) findings. This effect was observed again in Experiment 2 when two SOAs were intermixed, and a back-tocenter cue was only present at the long SOA. Object-based IOR was only observed at the long SOAs (1,176 ms in Experiment 1 and 1,220 ms in Experiment 2). At the short SOA in Experiment 2, the object-based effect was facilitatory in direction, although it manifested only as a statistical trend ( p Ͻ .10). This result was quite intriguing for two reasons. First, object-based facilitation has most often been reported using predictive cues (e.g., Egly et al., 1994; Moore et al., 1998; Robertson & Kim, 1999) , but here the trend was present under nonpredictive cuing conditions. Second, the results from Experiment 2 support simultaneously present space-based inhibition and object-based facilitation. Although this may seem puzzling at first, it is consistent with two different specialized attentional systems. As mentioned earlier, arguments have been made that object-and space-based attention are both cognitively and neurologically separable (Berger & Henik, 2000; Berlucchi, Chelazzi, & Tassinari, 2000; Collie, Maruff, Yucel, Dankert, & Currie, 2000; Posner, Rafal, Choate, & Vaughan, 1985; Rafal & Robertson, 1996; Tipper et al., 1997) . If these attentional mechanisms are operating separately but in parallel, finding opposite behavioral effects for each would be expected under the appropriate conditions, and the present study supports this prediction (see also Schendel & Robertson, 2000 , 2007 Schendel et al., 2001) .
In Experiments 3-5, which aimed to dissociate SOA from the presence and absence of back-to-center cuing, we failed to find any reliable object-based effects (whether inhibitory or facilitatory). Two evident possibilities exist, which are not mutually exclusive: In Experiment 2, the central cue may have disambiguated shortfrom long-SOA trials and/or reoriented attention away from the peripheral cue in long-SOA trials. In all three latter experiments, the central cue per se could not have been used to disambiguate short-from long-SOA trials (although in Experiments 4 and 5, its relative timing could have). However, on the basis of Experiments 3-5, the presence or absence of a central cue did not account for the direction, presence, or absence of object-based effects. When participants were not given a disambiguating cue, their performance failed to reflect reliable object-based attentional orienting (whatever its direction).
One variable did separate out reliable object-based effects from the rest: the delay between the target and its immediately preceding (i.e., most recent) cue (cf. Figure 7A and Figure 7B , in which data are plotted relative to the peripheral or most recent cue-totarget SOA, respectively). Across experiments, whether peripheral or central, preceding cues within 400 ms of target presentation (see Figure 7B ) elicited statistically unreliable object-based effects (all facilitatory, barring a 1-ms inhibitory effect in Experiment 3). Presumably, this reflects the necessary delay for attentional selec- Note. SOA ϭ stimulus onset asynchrony; IOR ϭ inhibition of return.
tion of the object. Cues preceding the target by approximately 600 ms elicited reliable object-based inhibition, which then disappeared by around 1,000 ms. The overall pattern points to SOA between the target and the most recent preceding cue as a better determinant of the direction of object-based effects than the traditionally presented peripheral-cue-to-target SOA (note that spacebased effects were not differentiated by cue type). These findings provide further evidence for parallel but separate object-and space-based IOR by showing that they occur over a different time course and are differentially sensitive to exogenous visual cues: Object-based IOR had a slow rise time and fast fall time compared with space-based IOR, which had a fast rise time and was sustained for as long an interval as was tested.
It is possible that under different conditions, space-based IOR might become similarly fragile.
7 For instance, space-based IOR was initially elusive in discrimination tasks. However, Lupiañez, Milan, Tornay, Madrid, and Tudela (1997) reported space-based IOR in a discrimination task when SOAs were extended longer than those that had been commonly used with detection tasks. Another example is the demonstration that space-based IOR depends on back-to-center cues when directional gaze cues are used (Frischen, Smilek, Eastwood & Tipper, in press ). However, because the stimulus and design introduced by Egly et al. (1994) has had an enormous influence over the object-based literature, we contend that it is important to demonstrate the simultaneous fragility of object-based IOR in the presence of robust space-based IOR using the two-rectangle cuing approach.
In sum, the current set of five experiments explored space-and object-based IOR in a variety of conditions (see Table 1 ). We attempted to carefully match the various parameters of an influential study showing object-based IOR in static displays to address conflicting answers to a question in the literature: Does inhibition extend to objects as it does to space, and to what degree do they temporally overlap? We managed to replicate object-based IOR, although like others (e.g., Becker & Egeth, 2000; Muller & vonMuhlenen, 1996) , we found it to be a nontrivial endeavor. In a two-rectangle display, object-based effects, when present in exogenous-orienting designs, are slow to emerge, small in magnitude, and susceptible to minor changes in procedure. In contrast, space-based IOR can occur relatively rapidly, and its larger magnitude is consistent across a variety of cuing and timing manipulations (cf. Figure 7A and Figure 7B ). This is consistent with a number of studies showing sustained space-based IOR (e.g., using simpler displays containing only two locations and without a central cue, Samuel Tipper et al. (1991) reported the first formal test of object-based IOR. In their experiments, two squares (i.e., objects) were presented on each side of a central fixation point, one square was cued, then the whole display rotated, and this was followed by target presentation. Both objects moved to different locations, yet when the target appeared in the object that was cued, RTs were slower than they were when it appeared in the uncued object. Tipper et al. (1999) went on to show that space-based IOR also persisted at the cued location: When the target was presented in the (now empty) cued location, RTs were slower than they were when it appeared in uncued locations. These results were taken as strong evidence for both object-and space-based components of IOR and were consistent with the idea that both types of IOR improved search efficiency.
Relevance to Other Findings of Object-Based IOR
Later studies demonstrated that this object-based effect could be described as a space-based effect within a spatial reference frame maintained through rigid rotation (Robertson, 2004; Schendel & Robertson, 2000 , 2007 . Robertson (2000, 2007) carried out a study in which, to maximize their chances of detecting object-based IOR, they separated participants into those who did or did not show the expected object-based inhibitory effect demonstrated by Tipper, Weaver, Jerreat, and Burak (1994) . In those participants who showed object-based IOR when objects underwent rigid rotation together (i.e., conformed to the gestalt grouping principle of common fate), they found no evidence for object-based IOR when the objects moved to those same positions disjointedly (i.e., when the objects were not grouped). In other words, when the spatial relationship between the two objects was disrupted, object-based IOR was no longer present. Robertson (2000, 2007) proposed that this disappearance of objectbased IOR was a result of attentional allocation to the cued location in a spatial reference frame that was maintained under conditions of smooth rotation but was not maintained when the boxes moved independently. They claimed that the effect reflected space-based IOR but in rotated coordinates. This argument can be applied to a number of studies that have used objects undergoing rigid rotation (e.g., Gibson & Egeth, 1994) . In fact, Gibson and Egeth (1994) made a similar point: "IOR can operate on different kinds of locations-those that remain fixed with respect to an object and those that remain fixed with respect to the environment" (p. 324).
Studies using static displays cannot be interpreted in the same manner, and some have argued that the inhibitory mechanisms engaged in static and dynamic displays are distinct (e.g., Christ et al., 2002) . Investigations using static displays have supported the existence of object-based IOR, including those that motivated the present set of experiments (Jordan & Tipper, 1998 . In two studies using the two-rectangle paradigm (Leek, Reppa, & Tipper, 2003; , the question of whether object-based IOR spreads within and between object parts was investigated by segmenting the rectangles. Interestingly, in both studies, RTs were faster within an object part as compared with shifts between object parts. These data show that targets within a part were facilitated by the cue, even at SOAs of 820 and 1,220 ms. Two possible explanations are (a) that the parts were not perceived as belonging to the same object (i.e., two distinct objects, creating a similar case to the current Experiment 2, in which object-based facilitation was weakly found in the presence of space-based IOR) or (b) that the abutting parts distorted the perceived space (an illusion described by Kanizsa, 1979; Robertson & Kim, 1999 , have demonstrated that illusions affecting perceived space can influence object-based facilitatory effects). These two studies corroborate the fickleness of object-based effects, at least in a nonpredictive exogenous version of the two-rectangle paradigm.
One other specific report of object-based IOR bears mention. Jordan and Tipper (1998) compared IOR in illusory objects versus undefined spatial locations (using an SOA of 1,186 ms) and showed that the magnitude of inhibition was greater in the former. They compared IOR in two display types: when Pac-Man-type (Kanizsa) elements were configured to form illusory contours perceived as squares on each side of fixation versus a display in which the Pac-Men were misoriented, producing no obvious illusory object. When illusory contours made illusory objects, greater IOR was present at the cued location than when they did not. Although Jordan and Tipper (1998) argued that this demonstrated both object-and space-based IOR in illusory objects, illusory contours also make spatial locations more salient (illusory contours can affect perceived brightness and/or figural depth assignment; e.g., Dresp, 1992; Matthews & Welch, 1997) . Because of increased salience, the illusory figures may have provided a more effective location marker than the misoriented elements, increasing the strength of space-based IOR. Although this hypothesis has yet to be empirically tested, it does provide an alternate interpretation of the results. In this case, the illusory objects serve to reduce spatial uncertainty and, in doing so, induce more evident space-based IOR.
The function of IOR, as originally offered by Posner and Cohen (1984) , is to inhibit return to a location where a target has not been detected, hence the nomenclature inhibition of return. This mechanism makes selection more efficient by increasing the probability of sampling new locations when searching for a target. Later explanations invoked the intuitively appealing idea that objects themselves should play an influential role in IOR, because objects are what are sought (e.g., Tipper et al., 1991) . To the extent that IOR increases efficiency in visual search, object-based IOR appears to play only a subsidiary role, whereas space-based IOR is robust, consistent, and reliable. 8 Objects clearly do facilitate attentional selection. Results similar to Egly et al.'s (1994) original findings of object-based facilitation have been replicated many times, and Egly et al.'s method has become almost a paradigm case with which to study object-versus space-based attention. However, the role of IOR in inhibiting return to objects that have already been selected and rejected is less certain than it is for spatial locations. In the present set of experiments, we have shown that the facilitatory and inhibitory directions of object-based effects can vary under conditions over which space-based inhibition remains stable. We argue that space-based IOR plays a much stronger role in the inhibitory mechanisms that affect search efficiency.
